Introduction
Articular cartilage and SFCCs are investigated and characterised by biomechanical, biochemical and histological analysis. The biomechanical properties contain a variety of relevant information for the functional characterisation of cartilaginous tissue [2] . In this process the modulus of elasticity E is typically evaluated for a defined pressure applied to the cartilaginous tissue. However, the modulus of elasticity E cannot be used for the characterisation of the entire strain behaviour, because of the non-linear, non-homogeneous and anisotropic structure of the cartilaginous tissue. On this account different hyperelastic material models are utilised for the characterisation of the non-linear stress -strain -behaviour of cartilage and scaffold-free cartilage constructs (SFCCs). Hence, within the scope of this article isotropic hyperelastic material models are fitted to the experimentally determined stress -strain -curve diagrams with the software Hyperfit® [3] . The significance of the fits is evaluated.
Methods
In the following chapters the experimental approach and the hyperelastic material models are explained.
Experimental approach
At the TITK e.V., the stress -strain -curve diagrams of native cartilage and SFCCs were determined experimentally using a material testing machine ISTRON® 4466 (100 N). The uniaxial compression of the specimens was effected with a testing velocity of v = 1 mm/s, with an initial load of F = 0.1 N and with a strain of 30%. The experiment was carried out on 7 native cartilage specimens and on 5 SFCCs. For the modelling the averaged values were used. The native cartilaginous tissue was obtained from the equine knee joint (Trochlea ossis femoris). The SFCCs were produced according to the own patented technology [1] and implanted in the equine knee joint (Trochlea ossis femoris). After one-year-long implantation time the SFCCs were extracted for the biomechanical characterisation. In Figure 1 native cartilaginous tissue and SFCC are depicted. 
Hyperelastic material models
For the characterisation of the stress -strain -behaviour the following isotropic incompressible hyperelastic material models were utilised: Neo Hooke, Mooney-Rivlin, Klosner-Segal, Yeoh, and Polynomial (9 parameters Mooney-Rivlin), Odgen, Varga, and Demiray. The material models shown here are usually used for the stressstrain -behaviour description of rubber-like solids. However, the model of Demiray was applied also for the stress -strain description of soft tissue [4] . And the model of Klosner-Segal was utilised for the stress -strain description of atheromatous plaque inside the aortic wall [5] . The calculation was accomplished with the software Hyperfit®. For the evaluation of the model quality the normalised error (NE) was calculated between fit and experiment with the following equation 
Results
In Figure 2 the averaged experimental stress -straincurve diagrams of native cartilage and SFCCs are depicted. Figure 2 : Stress -strain -data for native cartilage (blue) and SFCCs (red)
From Figure 2 follows that the stress -strain -behaviours are non-linear. The stress behaviours of native cartilage and SFCCs are nearly equivalent up to 10% strain. From 10% strain the stress values of the native cartilage increase stronger than those of the SFCCs. With 30% strain the stress value of the native cartilage is 6 fold higher in comparison to the SFCCs. In Table 1 the hyperelastic material models are summarised with the respective normalised errors (NE) of experiment and fit as well as the necessary number of parameters for the calculation. The results of the fitted models revealed that particularly the models Klosner-Segal, Odgen, Yeoh, and Polynomial (9 parameters Mooney-Rivlin) are suited for the characterisation of the non-linear stress -strain -behaviour. The normalised error (NE) lies for these models under 0.05. All remaining models are not suited for the native cartilage. For the SFCCs the models of Demiray and Mooney-Rivlin are suited as well.
Discussion
In this contribution isotropic incompressible hyperelastic material models were utilised for the characterisation of non-linear stress -strain -behaviours of native cartilage and SFCCs. Particularly the model Polynomial (9 parameters Mooney-Rivlin) with a normalised error of 0.003 is suitable for the characterisation of the nonlinear material behaviour. The parameters obtained from the model can be used for other simulations. The stiffness mismatch between native cartilage and SFCCs resulted from the incomplete maturing process of the SFCCs. Because of this fact the SFCCs can be used for the mathematical modelling of cartilaginous tissue as intermediate stages or to the development of a mathematical arthrosis model. The models used herein regarded the monophasic state. The goal of further works is to expand the material models by the usage of biphasic or triphasic theory [6] . Besides, the material behaviour of the native cartilage and SFCCs is examined under cyclic load (stress softening, hysteresis, viscoelastic analysis) [7] .
